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MERDLE STATIC=FRESSURE PROBES INSENCITIVE TO
FLOW INCLINATION IN SUPERSCHNIC AIR STREAMS

Propared by:

L. W. Waltexr and B, J. Redman

ABSTRACT: Tests were made to develop smail static pressure
nasdle-probes insensivive to Tflow inclination in e two-
dimsnsional supersonic flow. A probe configuration wasg
sbtained wnich could be used to wmsasurs ‘statisc pruvgsure
within #2% at angles of attack from -8° Lo +16° at Mach

number 1.5 and from -4° to #12 at Mech nuzber 2.5. Assuming

that the flow can be regolvad intc independent sxial and
trensverse componeants, agreement betwesn the pressure varia-
tivn predicted using datae teken with ¢ylinders transverse to
tho flow end the pressure variation versus sngle of attack
measures with the probes was obtained.




Tiils report conteins information of importance to wOrkere wpo
must messura ststic pressures in supzrsonioc sir streams. Tha
experimental dsta were obtained during Lecewber 1953, Januery
1954, and February 1954 in i 12 x 12 cm Asroghysics Win?
Tuncel No, 6 ané ths 1% x 18 om Aeropayaics Wind Tunnsl Ho. 3

at the U, £, Naval QOrdnance ILsboratory. Thle work was sponsored
by tius Office of Naval Ressarch under Task Numbar FE-31 {54).

The authors wish to acknowledge the work contributud by
®. Brsnsom in constructing the static pressurc probas.

EDWART L. WOODYAREL
Ceptalin, USN
Commander

H. H. KURZWEG, Chief
Aerobajlistic Research Department
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engle of attack of the probs uaxis. dsgreesg: messuysd in bhe
pians of symmnetry of t 3 orifjass (see Flgure 1}
sngle of offset of & pcind on the probe from the pleans of
symmetry of the orificss, cegrees (see Figure 1)
angle Detwean the probe wsxis s2nd the tsngsnt o the probs
surface whicir intorsscis tihis axls, degrsss
Mach nuaber of the fres-sireus
Mach number of ths fiow compronent normal (0 the probe sxis

free-stream statio pressure

statie praessure on %he probs surface
free-gtream dynamic prssaura

D - -
preasure coefficient m P




NEELLE STATIC-PRESSIITE PROBES INSENSITIVE TO
FLOW INCLINATION IN SUPERSONWIC AIR STHEAMS

INTROTUCTI

3

{-

-

N

i, Durins the course of an inveatlzation of the wake behind

a circular oylinder it becsme nccessary Lo measurs static
pressures, This lask was ompliyated by the inclination of

the air flow and by the small width of t&tle viscous wake of the
cylinder (a 3" diameter ovlinder was used}. A static probe
was required that would be small enocugh so that it produced
littla diaturhancae af tha flow, It mue alen he 1nanneii~1

- - -—
-~

hid
to flow lncliinatiocns for at least moderasts angles of iaciin
tion, say angles up to 10° or 1% .

2. Ssveral methcds for measuring botia static pressure =z=na fiow
inclinatior exlst. These methods sufler from several disad-
vantages; tihe mechanism iz usually intricete, the data reduction
is relatively complicated, ena tha pressure sensing sisment 1is,
in general, lerge. It is the last of tiuese disadvantages that
ied us (o try some modification of the c¢conventional static
pressure needls probe that would be ingsensitivs to flow
iaclipation. The needle probe can be made almost &s small as
one desires. To thls end wa heve combipned the ideas of several
authors,

3. tue work of Jones (reference a} 2nd Aklen and Perkins
(reference b) has shown that the fliow &bout slender axially
symmetric bodles inclined to thses air stream can be cuncidersg
quite simply. If the angls of incllination is not too lsrge,
the flow can be resolved into two independent stresms; cans
perpendicular to the axis of the body end the other pa;allel
to 1t. aAn expression for the pressure coefficient, C

(Pg - ®?j/y, at any point on the body can then te obtap* in
slosed form if !ncompressible potentis) flow is aazsumed. The
pressure ceeificient is given as a& Tunoticn of the eingle of
attsck, 9 , the azimuthal angle © {(measured froa the angle of
attack plane) and the sxial distance, x {see appendix A}.
Thiz expression shows that for every axisl pusition, there is
a @ fo~ which CP i1s zero independent of the =znglie of attsck.
tn orifice located st th‘“ position should then measure the
true svatic prezsure fur 211 angles of attack,

FAR Cocpvr and Hamilton (rererencz ¢} iave shown that thics ia
scuually the cese for s pesrebolic body of revolution at iach
punbar 1.6 it tha shfig o0 ot badis iz aol too large, They
mhgresees et uhnbic nocdle crobes insensitave to ancte of
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attuck could slso bs built by pronerlv chonsiug the angulaer
position nf the orifice with respact tc the engie of attack
plane,
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Mach number range in which ths probes sre
«3 tiow Manh numhar Ms = M sin e , rezches

e higher angles of ‘attack. 1Therefore, it
15 unrealistic to sume incompressible potential cross flow;
tie ef¢ect of Goip sibility beccmes important Tcr flow avbout
& Cylinder whén the Mach numbsr 15 higher thon 0.2, any
comparison with theory must use a viscous, compresesible theaory
for tre transverse flow oomponent. Unfortunctely no such

thsory exista for the flow about s cylinder.

values of 0.u ior

-l

. A considerztle amount of experimentel informatiocn on the
prescure distributions on c¢ylinders in cruss Ilow, however,
does exist. If the sssumption that the flow can be resolved
into two independent componsnts is valid, then the pressure
distribution mbout a oylinder inclined to & flow with iach
nunber, M, shculd be identiocal with the eiperimental pressure
distributicn about & ny‘inder in e cross flow with Mach pumber
Mc. ''he pressure &3 a Ffunctioz of &€ for a fixed velus of @
and the free-stream Maoh number can be cbielnss from ithe

cxperimental cylinder distributions in this way.

7. Several cone-cylipder probses Lave been tested. Two orifice
locations, © =33° and © = 52°, were used. The empirical method
described above predicted thet sn orifice location of @ = 33

would be relatively inssnsitive to angle of attack for M = 2.5;

nnanhldehald WOY Antao an ﬁn!ﬂﬂ-ﬂw\inﬂnﬂn ~nnnpo+nﬂ ralat s
Ah“l e L Al LA VA AY W Al bl [~ L Y Ovvvvu WAl WP W

Insensitivity to engle of sttecg for Mach numbers approaching 3
if an orifice lpocation 8 = 5% were usedi. The results of tests
using these orifice liocetions esre descrioed below.

TEST (ROCELURE

g. The tests to be desecribed ware cercicd out in the 12 x 12 cm
end 18 18 cm NoOL supersonie wind tunnels. Both these tunnels
are hlow down tunnels which c¢2n be opereated continuously. They
operats wiith stmospherie supply temperature and pressure Ior

jimen numbers from 1.6 to 5.0. A detva:led descripiica of both
tunnels 1s given in reference 4.

9. ©PRach probe consisted c¢f & steel cr cupp

diemzter, tipped with a8 cone 8 tube diamatic 7° vertex
ly in indrical

or e, uangular

anzle), Twc holes were GTlLlcC radisl
poertion of the probs.  Tablas I shows th
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caperation of the orifices, and distancs of tite orifices Iroa
the sone tip for the four probes wilcel were tésted. Sketcues
of the probes are shown in’ Filgure 1,

Frohe Angular Sopzoraticn orifice istanue 01 Orivice
Designation  of Orifices (26) Size from Cone Tip
33° short 64° .ongn 10 diemeters
52° zhort 104° CUL3T 10 diwsmeters
33° long 6P .0o8" 35 &ismetere
52° long 104° L0137 35 diameters

Table I. Features of the Four Frobes Tested

10. The probss wsre "telescoped" through "O" rings into =
holder which wes rigidly sttsched to a circular insert. The
insert waes mounted in the tunnel side wall repiscing one of
the glass windows. The length of the probe wes adjustad so
that the orirfices fell 7a the axis of rotaetion of the mounted
insert; thus the orifices remained st the same point in the
flow for all angles cf s=ttack. The sngle © was set by placing
the orifices so that the angls of attack plane blsected the
line joining them; the engls of attack of tihe probe was varied
by turning the inssrt through s given angie with respect to
the tunnel exis.

11. Thers are Lwc possible errcrs in the angular measurements
with the probe in the wind tunpel; the error in sstting @ and
tbe srror Iln the ungle uf attsck caused oy benaing of the probe.
The error in setting & is 2lmost wholly réemoved by having twe
praasure orifices., This is discussed in paragraph 23. The
error intiuuydced by the probe bending &t bhigh aengies of attack
wes checked using e trensit sighted on the probe through a glass
window in the tunnsl side well. 4 compsriscn of the agtusl
angle of attack as messured hy the trensii witi taat ror which
the probe vias. set shows a difference oif 1¢ in the worst case --
probes having acpper shaenks: Lhe steel-ahunked probas showed
negiigihle oending. Corrections for bending neve been &pplied
in csses where neceassary.

RELULTS AND LISCUSSION

12, The retlos of the messured stetis prernares, P, to tne
STEL1C pressure, P, mzasured et zoro angle of atteck sre plotted
in Figures 3 through 6 as functions cf the angle of tiaci ¢4
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{Pp/t; = . 0149 = 004010 (here i can be the [acn nuaber
corresponding to the measured
value of the static pressure)

Nominsl Mach number 1.5 2.5 2.9 3.2
Pn/Po (long probe} .253 . 060 .0329 L0187
Pn/P. (short probe) .246 .0582 .0306 .0185

Ratio of static pressures weasured by the probes at zerc angle
of attack to the supply pressure for the Mach numbers used.

—————— s e - — P © o m———— e ae s omss L T T S

Tebls II

13, If an error of 1 percent or 2 percent is permissible in
vne static pressure measurement, then the curves show that
elther the short or the long probs with hole separations, = &6P,
can be used in the range M = 1.5 through i = 2.5 for e relatlxclv
vide range of positive &K. &t ¥ = 1.5 bota probes read the
statlc pressurs to within 2 percent for @& up to 416°., A4t

= 2.9, the maximum permissible & hss decreased to 5°. The

- o, — s
-

short probe with a hole separstion 28 = 104®, howsver, gives
tha ststic pressure to within 2 percent for . up to +11° for
¥=2,9. Figure 7 shows the angle of attack range of each
probe for a given percentage deviation (1 percent to 2 percent)
fron the pressure at & =0,

4. 1t 1is apparant Irom thé evovs curves that neither vajlue for
the hole separetion, 2@, works for sll the Mach nuabers., For

8 = 337, the iuag prooe is relatively insensitive to snegl:z of
st tack in th2 low and intermediate Mach numiber range; the zhort
urobe with ¢ = 527 is velatively insensitive to angle of attack
Yor Mach oumbers bLolween 2.9 snad 3.3,

i3, The pressure a3 a
with sesueci to noaiti
penbes cannnt. be imors

1l nsgatlive valaes Ui o% Thus, the

unction 0I aiwle oI sitvack 1% unsysmetric
2 1
- 150 @ from

in

vyl ohy oaTillains two wore hole
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the original holee. This %en be zeen bv avareging whe measyred

presanres for two valuag of & thav diffsr 1 si' ouly. Sush

a procedure would decrease conslderaply thse renge of positive
& for which the prcobs ia 60-5 without. materially inareasing

tha nagsilve range of & . nis alsc meanc that s rough idea
of the flow dire *rl non ig necessslv bafara theszs probes cun ue
used witn complete coniidence,

Comparisou witin Theory

16. Ve have used the experimentsl preassure distributions about
aylinders of Cowsn &nu Parkins (reference e) to obtain pressure
vs. angle of attack curves for the anzles 9 = 300, 33° and 52¢
usiing Lhe method desoribed in the Luu&uukvviuu These curves
together with our sxperimental pointa ere shown in Figures 8
thrcugh 11 for both long and short probes at M = 1,57 and

M= 2 G2. The curves four the remaining M¥Mach numbsrs are siamiler.
The @ = 30° curve in ths figures shows the diffarence hetwsen
the curves obtained from the experimental values of reference e
end Py/P = 1, the value predicted by potential thacry for

e = J0o,

17. The agreement between the pressurz distributions for the

long probes and ths distributions derived from the deta of

Gowen snd Perkins is quite good (see Figures 9 and 11). The
largest devistion occurs at M = 2.9 for negative ¢ . A turbulent

c¢ross Clow boundary layer oould be the casuse of this aisegreement,
The NACA date used in plotting the curves were for a lapinsr
bcundary icyer ebout a cylinder. For positive & and for 9 lsss

han 75%, the pressure as a functivo oI @ is nearly the same

for g¢ither laminer or turbulent boundery layer. Since Yo our

kncwledge there sxist po preszure distribuiions st the raquired
Mach numbtsrs for turbuient boundary layer sbout the cyllader,

1t was not possibla to compers this case u1cn the probe pressu

distributions for nagative gL , 1.0., for ¢ &= 75¢,

18. We have 2lu0o compared the pressure dlstributions for the

short probes with the eamplrical method described ubove. Figures

€ and 10 show the resnlts of thic compzrison. The agieoment is

noi neerly so good as for the long probes, This, however, mugt
% -

he expected. 4 aeaylinder of fin¢ub leugii lnbLJn“ﬂ to the Flow
diroction beers some resemblancs to a ¢ylinder started
irpulsively ifrcm rest in & direction perpendiculsr to its axis.
The development of the gross flow about tne inc lincd 0y1€nﬁov
as ¢ Tunctlion of axiel distance i

Jovelopment o1 the flow as a funchi 13 & lenQG-
atartad lzpulsivaly from rest (refererncss h and £),  For
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stoeady state chavaciter; Uhe "irsnsie

axial distancas or Yor long tlmss the cros
L3 nt
eared. The short probe resulis sxe, bhsr
IV ANy
LL
8

g -

comparable with the stwady state NiCA
arnes Clieow presvmably hes not had time

V- NN

19. The agresment of tho experi
ampirizal theory cen be uled to
statid pressuryg us o tuaction of
with any given value for @. Figur ple, shows

the praedicted verirtion of oressure with & for @ = 40°, This
probe copnfiguretion appears to be somswhat superior to thet
for which 0 = 332 {if 2 perceut errcr in static pressure is
permissible. The lstter, however, gives the preasure within

i psroent for & widar range of && . Beocausa of ths large
orifice size {with respeot to probe dlemstsr) on the sxperi-
mental needle-probes, we do not think that. a probe with
dimensions similer to those used here but with @ = 4L0° would,
in practice, glve any grester insensitivity to angis of atteck
(ses parsgraphs 22 sind 23 below),

LY
oI the
r nrnhas

r

W £ (¢t ot
i

Raynoldsa Number Effects

20. In the compsrisons described above, the Reynolds numbers
off the probes and those oI the c¢ylinders in oross flow wers
vary different. The method can, nopstheless, be used because
the pressure distribution about cylinders is little affected
by Reynolds number VLLl&Lluu i{ Lhe oo *‘ary layer on the
u)lindev is laminar; tiae oaly parameter cilusiliing lhe pressure
distribucion is the Mech number”™, If the Reaynolds number is
high enougn so that transition to a turbulent boundary layer
occurs, the surface pressure distrivstion with the turbulent
boundary layer is very differsnt Trom the leminer c¢ase., How-
ever, transition occurs only for & = 75° and thus only the
negative values of & are sffected.

Bffsct of Axial Loocation of Pressurse (rifioces

1. We have also measurpd the etetic pressure on the probs
urface 85 a functicn of exiul distence from the shoulder Tor
o = 0. The resvlts of these messurements are shown in
Figure 13. The curves show thet, if the orifices are 1located
10 diamstsrs from the shoulder, the pressure obteinsd will be

true steitic pressure Iov Lhe muon ulwbey cengs. This
with tne rusulty of Holder et ai. {rufevsncs g wWho per
similer tests ucing ogivei-nosed peohos,

Rayraids mambar 15 I eTZe encusn sc

TIt l: ascumzd hore shatl Lne
1 ; vt Fes g d e Pl

f.se




ifect of (ririce 3ize end Alignment

22. The preasure orificss are lsrgs in relztion to che nosdls
probs dinmsisr; the two sines ussd {WO08™ end UL3" diaweter)
oorrespcnd to 18° and 3P of arc. Thus, tha pressures obiuined
are sverages over thase srcz. However, this pressure will te

tie pressure thst corresponds tc & given © if the pressure
aisirivution is lipear in ths region covered by tie orilice.
This 1ls very nearly so on oy.inders in cross flow in the rvegion
= 20° to @ =60°, On tidls baais, the hcle size is not
importap® as long a8 it dova Lot eﬁter tho nonlineer regions

or cause locel flow disturbances.

23, The linearity mentioned above and the use of two symmetri-
cally plecsd orifices should remove errors due to small
misalignmente in settingz the sngle & when the probe is placed

in the tunnel. If the angle ©, a&as set, is a litile in error,
thern ons of the orifices has as much pcaibi re arror of miselign-
ment as tne other hes negetive., Thess two &rrors should averegs
out if the arcs subtended by ihe orifices remaip in the linear
part of the pressure distribution.

CONCLUSICNS

24. Cone oylinder needls probes have baen bullt which give the
free-astream estatioc preesurs within 2 peruent for angles of
attack up to piuve 16° for xaoh number 1.5 and for angles of
attack up to plus 12° for Maoh numnbsr 2.5 when the angle of
yew is zero.

25. The fiow about such probes can ps treatad by resulving the
Tflow velocity ints an £xiel snd tranpsverse coumponent and treating
the two oomporents as indepsndent.

26, The effect of Reynolds number is negligible except for
negative angles of attack (p:ovlded that the toundary lsyer
annrarydmatdinn 1s o Tdmant

e O o S 44 —_—— e - -—yy-‘vuu‘ulw

27. Ar orifica loostion equel o 10 disastsrs frow ULhw snouldsr
Proved sulficisnt $C insure compleim prsssure recovery with e
gone Jength or 8 diameters and f5r Mach numpsars 1.5 = M = 2. .G,

~1
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1. Allen and Perkins euow thet 1l tie body is "slender encugih.”
i {9 tho lamosltodinn) valaetity componant 43 very somamt e
i,e., if the lonmgltudins) valoclty component 15 vary naal.;
8yiiél i wagnitude to the free-stream veloclty,; the pressura
coelrisicnt for asny poiab on the body surface is given Ly:
A ¥ L .Q ’ B i - S - 3 9 —~ e - ]
Ch=% Leu 3 sin 8 sin 2& +{i-4 8in0” 9) sin*d i, LAL)

where ¢& i2 ths angle hetween the alr stresm and the 8xis of
symmetry of the body, © is the angular disvancs of a point on
the body out of the plane im which @ is measured, /3 1is the
angle formed by ths inftarsection of the tangent to the bedy et
tha point in question with the exis of symmetry, and Cp 1s tzas
presaure coefficient Py - P

q

2., If the first two terms on the right-hand side of equation
(A1) are set equsl tc zero, & reiation between M and O results
foxr whizh Cp sqguals the pressure coefficlent at zero angle of

at Geck, Cpi
te=0

3. The angle © thet satisfles this comdition ror all a is 30°.
To other values of @ for which Cp = Cp|l..e there correspond

two and only two velues of o€ for a given angle 3.

4, Let us consider =2 needle probe which 18 & slender ccne-
¢vlinder. WwWith the pressure orifice loceted on the cylindricel
portion of the body tan/ =0, so that ths first term on the
right side of equation (Al) is zero. Thus, If the orifice is
loizated 30° out of the angle of attack plene (8 = 30°) we find

¢, = Cplesg fOr 8ll & ; i.s., the prove 1s insensitive to

angle of attack. This prediction is true es long as the physicel
flow field is approximately potential flow and the probe 1s

(4]
~
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